Objective. To determine the factors contributing most to variability in patient experience in order to present approaches for fairer benchmarking of hospitals and for quality improvement.
Introduction
As quality and quality improvement become part of the monitoring of hospital performance, the publication of outcome data from hospitals is becoming standard practice. Among these quality data, evaluation of the patient's perspective is a major component for measuring the ability of the health system to meet patients' expectations and needs. These results serve patients in selecting a hospital and help providers of hospitals to focus on improvement efforts and monitor quality in their hospitals and to compare themselves to benchmarks. They help policy-makers to monitor and promote quality of care and competition among hospitals [1] .
for the publication of medical outcome data exist [10] , but so far no standard has been defined.
The aim of this study is to present standardized and relatively simple methods for analyzing and using patient experience data for quality improvement and for publication in a form that facilitates clear and easy interpretation. Our work comprised three steps: first, identifying the factors contributing most to variability in patient experience on the patient and hospital levels; second, presenting approaches to achieving fair and transparent assessments of hospitals for internal and external benchmarking; third, suggesting methods for using patient experience data to identify areas for improvement.
Materials and methods
This study is based on a secondary analysis of data collected using the Picker Institute questionnaire for adult inpatients (age 18 years and older) in all 24 hospitals and clinics with acute care units in the Canton of Bern, Switzerland, in the fall/winter of 2005. There were 16 public and 8 private hospitals, with an average of 162 beds and an average of 6254 discharges (minimum 632 to maximum 33 704) per year [11] . A total of 26 155 questionnaires were sent out; the overall response rate was 58.5% (33.5 -66.8%). The database consisted of 15 294 inpatient questionnaires; 92.1% of these returned questionnaires (n ¼ 14 089) were sufficiently complete to be included in further analyses. Each hospital contributed between 113 and 2807 useable questionnaires.
The Picker Institute methodology has been described and examined in various studies [12 -16] . The Picker survey instrument is guided by the aim of fostering patient-centred care in health services; it is a questionnaire eliciting patient reports on concrete aspects of their hospital stay. In this study, the questionnaire was sent home 3 weeks following the patient's discharge from hospital; one reminder was sent after 3 weeks of no response. The main outcome variable used in this study was the Picker Problem Score (PPS), i.e. the percentage of survey questions on which patients rated their inpatient care experience as less than good. The PPS-based measures were slightly modified for this study and were defined and calculated as follows: † PPS: calculated over 35 relevant questions per patient † Total PPS: average of the ( patient-specific) PPS over all patients in all participating hospitals † Domain scores: similar to PPS but calculated over a subset of questions (domain). To obtain more detailed results and a better insight we subdivided the Picker questionnaire into six domains (Table 1) . Domains were defined on the basis of considerations of face validity, supplemented by a factor analysis.
The adjustment factors are listed in Table 2 . These factors were classified into three groups 'patient factors', 'hospital factors' and 'process factors'. Our interest focused on the influence of these factors on the PPS and the domain scores. Three items were not used in any domain (e.g. patients' intention to recommend the hospital to others). Domain scores were computed similar to the PPS for all domains listed in Table 1 based on all questions in the domain.
Statistical analysis
Multiple linear regression incorporating all factors in Table 1 was used to assess the relative influence of each factor on the PPS using partial R 2 . Multiple linear regression with all patient factors was used to compute adjusted PPS (aPPS). PPS, total PPS and domain scores were calculated as raw scores and adjusted scores (aPPS). Model assumptions were checked using various plots (residual, mean observed vs. expected PPS); regression residuals had a skewed distribution; regression residuals of log-transformed PPS were more nearly normal. We nevertheless used a linear model with raw, untransformed PPS as response. The influence of non-normality was assessed by comparing results based on raw and log-transformed PPS, respectively: it was limited and did not affect conclusions.
We proceeded in four steps. First, the mean PPS by categories of each factor examined were tabulated. All factors were categorical; age was coded in three levels. The variability of the PPS was determined between categories of hospital and process factors. Second, the relative influence of each factor on the PPS was assessed using the partial R 2 . Third, adjusted PPS (aPPS) were calculated using multiple linear regression with patient factors only and tabulated by hospital and process factors. Variability of aPPS and raw PPS between hospital categories was calculated and compared. Fourth, similar analyses were done for each of the six domains. A synthesis of the results of steps 1 to 4 led to proposals for fair internal and external benchmarking.
Results
The mean age of the study population was 58.3 years (18-100); 53.3% of the respondents were women; 55.4% had a middle level of education (secondary level); 36.2% were emergency patients. Of all patients, 30.5% rated their self-reported health status as very good/excellent, 43.8% as good and 25.7% as fair to poor. The total PPS was 14.2%. Younger patients (age 18 -40 years) had higher PPS, i.e. more problems with their inpatient care experience (mean: 17.7%) than patients age 41 -70 (12.6%) or patients older than 70 (15.1%).
Some results of a multiple linear regression of various factors on the PPS are presented in Table 3 . The overall fraction of variance explained was 12.8% (R 2 ¼ 0.128). Each factor is listed in the table with its partial R 2 , showing its relative importance. All factors not listed here (see Table 1 ) explained ,0.2% of the variance. P values were significant for all investigated factors (P , 0.0005).
Factors contributing to the variability in patient experience
In this first step of our analyses, we found that the factors having the greatest effect on the PPS, i.e. explaining most of the variance in the PPS, were self-reported health, age, mode of admission and education. Three of these factors are patient factors and one is a process factor; hospital factors were of lesser importance.
The total fraction of variance explained was 12.8%, which appears to be modest. However, it must be seen in the light of what is mathematically possible. To determine an upper limit of variance explained, we simulated PPS data using the regression equation from Table 3 , treating the PPS as a binomial variate. We obtained explained variances of around 50%, the remaining variance being due to random binomial variation; higher values than 50% are impossible for mathematical reasons. Thus, the explained variance of 12.8% corresponds to about one-quarter of all the variance one can hope to explain, a value in line with values for the explained variance found commonly in empirical investigations in the social sciences.
Patient-factor adjustment
To obtain fair comparisons between hospitals or hospital units (e.g. service departments), the next step was to statistically adjust the PPS for the influence of patient factors. In this study, we obtained adjusted PPS (aPPS) using multiple regression with the patient factors as predictors. From the resulting regression equation, we calculated the aPPS for each patient in the study by adding the raw mean PPS (over all patients) to the deviation of the individual PPS from its predicted value from this regression. In Table 4 raw PPS and aPPS are compared by hospital and process factor levels. The rows labelled 'SD' report the standard deviation between the PPS or aPPS of factor levels, respectively. The SD is a measure of variability between the levels of each factor. The correction of the PPS for patient factors reduced the variability between hospital categories. The reduction in SD through adjustment between hospital and process categories amounts to about one-third (29.0 -43.7%), illustrating that an important part of the differences in PPS between the levels of any hospital or process factor is due to differing patient mix. The biggest reduction of PPS by adjustment was found in medical departments and planned admission and the biggest increase in speciality clinics (only a small number). Nevertheless, there remain sizable differences between the categories of all factors. 
Adjusted PPS by domains
The next step was to create sub-scores to assess certain dimensions of quality in care to make benchmarking more informative, to allow quick identification of problem areas and thus to enable quality improvement. For this purpose we defined six domains (see Table 1 ) and calculated adjusted partial PPS (aPPS) for each of them. The differences between the domain aPPS scores were large, with an average aPPS of .34% for 'discharge management', about 20% for the interpersonal aspects of 'care' and about 17% for 'communication' between patient and health professionals (the most problematic domains in Fig. 1 ). These means were affected to a lesser extent only by process and hospital factors.
In our results the general graph pattern of the means of domain PPS by hospital and process factors was the same for all domains. For example, for all domains the mean aPPS was the highest for the service department medicine, slightly lower for surgery and the lowest for gynaecology. Comparably, patients with emergency admission had a higher average aPPS than patients with planned admission (Fig. 1) 
Benchmarking by domains
To illustrate how domain aPPS can be used for benchmarking, we calculated the ranks per domain of four public hospitals (Table 5) , selected out of a total of 16. The aim of transforming the aPPS to ranks was to create a simple and comprehensible presentation, with comparable scaling for all domains. Rank 1 corresponds to the lowest aPPS for this domain and rank 16 to the highest. The four hospitals were chosen specifically to show the variability of ranks depending on the domain within one single hospital and to show the changes before and after patient-factor adjustment. Hospital B, with Rank 4 for the total aPPS, was evaluated as a generally good hospital, but in the domain 'cooperation' between health professionals, it has the highest rank of all 16 hospitals-that is, it was rated the worst. Hospital C, with a middle rank of 8, has a very good rank in the domain 'discharge management'. Hospitals A and D are examples of good and worse performance, with total Ranks of 3 and 11. Again, both hospitals show ratings in single domains that are a lot worse or better than their ranks in other domains. Table 5 also illustrates the changes in ranks before and after adjustment for all of the selected hospitals. Adjustment for patient factors led to a change in rank in 59% of all domain ranks over all 16 hospitals. For the total PPS per hospital, adjustment led to a better rank for 8 out of the 16 hospitals, to no change for four hospitals and to a worse rank for another four hospitals.
Discussion
In this study, we assessed 10 patient and hospital/process factors and their impact on patient experience as measured by the PPS. Differences in patient experience scores appeared to occur mainly at the patient level and to a lesser extent at process and hospital levels.
Our results concur with the findings of several previous studies using different survey methodologies, namely, that of the patient factors, patients' self-reported health and age [2, [4] [5] [6] 8] and to a lesser extent education [5, 6, 8] are the strongest predictors influencing patient experience scores.
The results support the hypothesis that these patient characteristics have an impact on patients' experience.
We found one study [17] reporting a nonlinear relationship between age and patient experience similar to the findings in our study population, where patients younger than age 40 and older than 70 reported more problems with their hospital care than the middle-aged patients did.
Among the process and hospital factors, the mode of admission had the strongest effect on the patients' experience; patients admitted through emergency were less satisfied than patients with a planned admission. This factor has been rarely examined in previous studies; only Rahmqvist and Bara [9] had similar results in an outpatient survey.
Patient experience showed large within-hospital variation even after patient-mix adjustment when looking at level service departments [1, 3, 6, 9, 18, 19] . Patients in the gynaecology department (excluding women with childbirth) tended to have lower PPSs than patients in medicine or surgery. Furthermore, in all of the studies including ours, the hospital factors examined did not seem to be major determinants of patient experience.
Nevertheless, hospital factors should be taken into account in stratification as an additional measure to assure more meaningful comparisons, as it supports efforts towards more transparency of the data. Although the fraction of 12.8% of variance explained by all the examined factors in our study seems modest, it corresponds to other findings in this kind of survey [5, 6] .
In our analyses we made several choices. The first was to group the factors into 'patient', 'hospital' and 'process' factors. After analyzing the threefold subdivision, we can say that a division into patient and hospital factors would be sufficient: analyses and conclusions would remain essentially the same.
We also chose to define domains so that they closely pertain to distinct interactions between patient and health professionals. There are a few other studies that investigated hospital care by quality dimensions similar to our domains [8, 18, 20] . Other classifications, such as separating care into nursing and medical care, could be considered. In any case, communication, including information of the patient, and discharge management are clearly important areas for improvement. With regard to improving patient experience, the presentation of differences in our study between the domain ranks within and between hospitals (see Table 4 ) shows that this approach is successful in capturing areas for improvement. The presentation of ranks instead of adjusted PPSs provides a quick view of the strengths and weaknesses. Nevertheless, the adjusted domain scores can be used as another form of presentation, depending on the target group (e.g. patients). This approach of presenting benchmarks is transparent and also enables easy identification of examples of good practice. Other approaches and methodologies, such as the Dutch model for academic hospitals [20] , follow a different aim by presenting only the best-practice hospitals for several dimensions of quality.
In the literature there is an international consensus [1, 7, 8, 19 ] that using statistical adjustment for patient mix (and survey mode) is necessary for valid comparison of patient experience scores across hospitals. Researchers agree that the effect of this adjustment is modest but the ranking of hospital may be affected substantially.
Another choice that we made was to use a linear model for adjustment of the expected value of PPSs. This model for patient-mix adjustment is currently used for comparisons of national HCAHPS hospital data in the USA [7] . In fact, we are not aware of any analyses based on nonlinear models. The linear approach has the advantage of independent effect sizes, e.g. the effect of age on the patient experience score is the same for patients reporting good health as for those reporting bad health, etc. However, considering the nonnormality of the distribution of regression residuals, we believe that there is need for further investigation in this area.
Limitations
This study is subject to the main limitations associated with patient experience surveys, response rate and non-response bias.
Our response rate of 58.5% was fairly good compared with other international Picker Institute surveys [15] , and it was also at the level of similar studies with methodologically different mail surveys [8, 18, 21] .
The non-responders are a major concern of this kind of survey, although research [22] showed that the effect is negligible on the outcome of patient experience. According to Centers for Medicare & Medicaid Services [7] , after the implementation of the statistical adjustment for patient mix and for survey mode (mail or telephone survey), no further adjustment for non-response was necessary. Under these conditions, the potential impact of non-response bias on the comparison between hospitals was reported to be small.
Conclusions
In this study, we presented a simple approach for using patient experience data to identify areas of improvement quickly and to assure and promote good practice in hospital care (by subdividing adjusted total patient experience scores into domain scores). To increase the usefulness of patient experience data for benchmarking, we transformed domain scores into ranks. The changes in ranking after the adjustment for patient factors underline the importance of this statistical adjustment. Adjustment and ranking permit a fairer and more transparent comparison of hospitals. In any case, it remains to be seen whether a methodology for the publication of quality data like the one we propose here will lead to improvements in patient experience scores in the future.
